INTRODUCTION {#s1}
============

The muscles of the trunk are classified into the outer unit, consisting of outer muscles, and the inner unit, consisting of inner muscles attached to the lumbar vertebrae including the diaphragm, the transverse abdominal muscle, the erector spinae muscle (especially multifidus muscle), and pelvic floor muscles[@r1]^)^. The inner unit functions to increase abdominal pressure through cooperation of the muscles, and contributes to spine stabilization and load reduction. Moreover, it has been pointed out that trunk muscles will be unbalanced only when outer muscles of the trunk are trained without training inner muscles, resulting in the risk of injury[@r2]^)^. For that reason, training the inner unit is also important to prevent injury through various exertions for sports[@r3],[@r4],[@r5],[@r6]^)^. Furthermore, training the inner unit is also attracting attention for lower back pain reduction as well as maintenance and improvement of body type for people without exercise habits[@r7]^)^.

Pelvic floor muscles, part of the inner unit of muscles, have been attracting attention particularly because they are presumably involved in incontinence in females. Earlier reports show that pelvic floor muscles are involved in increased abdominal pressure[@r8]^)^. Therefore, pelvic floor muscle contraction is important for both males and females. However, the movement of pelvic floor muscles has not been fully verified. Moreover, no exercise that can be performed by everyone can be expected to show beneficial effects for them. The improvement of exercise equipment is progressing. A tool that might be effective to promote pelvic floor muscle contraction was developed: a small, 20.5-cm-long, 4-cm-diameter foam roller. An ordinary foam roller (Stretch Pole^®^; LPN) is 98 cm long, with 15 cm diameter. Presumably, the contraction of pelvic floor muscles can be promoted by sitting on this small foam roller and performing various breathing exercises while devoting attention to pelvic floor muscles. Nevertheless, its efficacy has not been verified. To verify the usefulness of the small foam roller on the contraction of pelvic floor muscles, this study was conducted to demonstrate the effects of various breathing exercises performed by a person while sitting on the roller.

PARTICIPANTS AND METHODS {#s2}
========================

Participants were 10 healthy males (age 19.9 ± 1.6 years, 173.3 ± 4.8 cm, 70.6 ± 12.3 kg). This study was performed with the approval of the Research Ethics Committee of Juntendo University Faculty of Health and Sports Science (Approval No. 27-1) after providing participants proper oral and written explanations of the objective, details, and procedures of the study, in addition to possible risks and measures to be taken and compensation. Informed consent was received from each participant before measurement.

Experimental procedures in this study are presented below. Participants received 500 ml of water after urinating first. Then they waited at rest in a sitting position until they felt an urge to urinate. Measurements were taken before the experiment when participants felt an urge to urinate. This made it possible to show the position of the bladder and to evaluate the pelvic floor muscle contraction accurately. After the end of ultrasonic measurement, they waited continuously at rest in a sitting position for 10 min as control (CON) participants. Subsequently measurements were taken in the same way as those before the experiment. After an interval of at least 1 week, participants received 500 ml of water after urination. Then, after they felt an urge to urinate, ultrasonic measurements were taken as before for the CON condition. Then, as a breathing exercise (EXE) condition, they sat on a small foam roller (20.5 cm length, 4 cm diameter) placed on a chair ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.A, Soft and durable cylinder as a small polyurethane foam roller (stretch pole) used for this study (20.5 cm length, 4 cm diameter). B, Ordinary foam roller (StretchPole^®^; LDN, 98 cm length, 15 cm diameter, foamed olefin resin with a synthetic cover). As shown at right, a small stretch pole (20.5 cm length, 4 cm diameter) was used and placed on a chair.), and performed breathing exercises of seven kinds ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Breathing exercises of seven kinds.), consisting of a combination of the movement of upper limbs, devoting particular attention to the contraction of pelvic floor muscles along with breathing. Participants inhaled through the nose and exhaled through the mouth, devoting attention to the contraction of pelvic floor muscles during exhalation. Ultrasonic measurements were taken again thereafter. Measurements were taken again only under the EXE condition after an additional 1 month.

The contraction of pelvic floor muscles was recorded on video using a diagnostic ultrasound imaging system (Noblus; Hitachi-Aloka) as described in reports of earlier studies[@r9],[@r10],[@r11]^)^. Imaging positions were set as a supine position with 60° and 90° bending, respectively, for the hip joint and the knee joint. The ultrasonic frequency was set as 3.0 MHz. The probe was placed in a position to image the bladder using the upper side of the pubic symphysis as the mark. The contraction of pelvic floor muscles was evaluated based on the movement of the posterior side of the bladder. Participants repeated the contraction and relaxation of pelvic floor muscles three times each and six times in all in each measurement under the oral direction of an experimenter. The oral instruction was unified as "please tighten the anus and pull it inside."

Three still images each, taken when pelvic floor muscles relaxed and contracted, were extracted from the recorded video. Then, using the still images to evaluate the pelvic floor muscle contraction, the movement distance (mm) of the posterior side of the bladder was calculated as the difference between the distance from the abdominal wall to the posterior side of the bladder when relaxed and that from the abdominal wall to the posterior side of the bladder when contracted ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Evaluation of pelvic floor muscle contraction. Distances between the back face of bladder to the stomach wall were measured when pelvic floor muscles relaxed (X) and contracted (Y). To evaluate the pelvic floor muscle contraction, the moving distance (mm) of back face of bladder was measured (=X−Y).).

Subjective evaluation was performed using the Numerical Rating Scale (NRS) to assess whether pelvic floor muscles can be contracted before the experiment and after the end of the experiment under the CON condition and the EXE condition. The NRS self-evaluation score indicated the "no contraction at all" state as (0) and the "contracted to the maximum" state as (10) in this study. Also, how well the pelvic floor muscles contracted in the measurement was evaluated using 11 levels from 0 to 10.

Paired t-tests were used to test the differences before and after experimentation to evaluate pelvic floor muscle contraction and NRS under the CON condition. Moreover, for the EXE condition, a generalized linear model was used to evaluate pelvic floor muscle contraction; NRS was used to assess effects after the experiment and 1 month after the experiment. Additionally, significance was inferred for probability of less than 5%. Software (SPSS ver.24; SPSS Inc.) was used for all analyses.

RESULTS {#s3}
=======

No difference was found under the CON condition: 2.5 ± 1.0 mm before the experiment and 2.9 ± 2.3 mm after the experiment. Under the EXE condition, the movement distances were 5.6 ± 2.5 mm before the experiment, 13.7 ± 5.2 mm after the experiment, and 9.6 ± 3.7 mm at 1 month after the experiment. Results show that the movement distance had increased (p\<0.001) immediately after EXE, and had decreased (p\<0.001) after 1 month, although results remained higher than before the experiment (p\<0.001).

Subjective evaluations (NRS) were 3.1 ± 1.1 before the experiment and 3.3 ± 1.3 after the experiment under the CON condition. Under the EXE condition, subjective evaluations were 3.6 ± 1.8 before the experiment, 8.2 ± 1.5 after the experiment, and 6.1 ± 1.4 at 1 month after the experiment. Results show that a feeling of contraction was a stronger (p\<0.001) immediately after EXE. Moreover, that feeling remained stronger after 1 month (p\<0.001), although it was weaker than that immediately after the experiment (p\<0.001).

DISCUSSION {#s4}
==========

Results of this study demonstrated that pelvic floor muscle contraction was promoted by breathing exercises of seven kinds performed using a small foam roller, at least in males. Results of subjective evaluation also show that the feeling of contraction was stronger immediately after the end of exercise. Moreover, these effects persisted for 1 month, but the effects might be attenuated compared to those reported immediately after exercise (5.6 ± 2.5 mm before the experiment, 13.7 ± 5.2 mm after the experiment, and 9.6 ± 3.7 mm at 1 month after the experiment). Snyder and Fry[@r12]^)^ reported that when attention is devoted to the contraction of a specific muscle by oral direction during exercise, the activity of the directed muscle increases significantly. The present study used no oral direction to direct attention to contraction during breathing exercises, but the small stretch pole was considered to play that role. Pelvic floor muscles are regarded as being continuously in a pressed state by sitting on this stretch pole, making it possible to contract pelvic floor muscles consciously during exercise, resulting in the promotion of pelvic floor muscle contraction. It was originally planned in this study to conduct experiments with females of the same age group to compare effects for males and females. However, effects of contraction promotion were not observed in females in the experiment (reference data: 6.7 ± 3.7 mm before the experiment, 7.1 ± 3.4 mm after the experiment, and 5.8 ± 3.2 mm at 1 month after the experiment, showing no change by EXE immediately after or 1 month after). A possible factor is that an excessive urge to urinate related to the experimental procedures in this study inhibited the pelvic floor muscle contraction. With that, the change over time in the urge to urinate and the pelvic floor muscle contraction was investigated in 1 woman participant. As a result, it was observed that the urge to urinate increased while the level of the contraction of pelvic floor muscles decreased over time. In this study, the pelvic floor muscle contraction was evaluated using the movement distance of the posterior side of the bladder. Additionally, it was necessary to store water in the bladder to check the posterior side of the bladder with a diagnostic ultrasound imaging system. It is expected that not a few female participants were measured while feeling a strong urge to urinate; it is possible that they could not contract pelvic floor muscles properly, thereby showing results of 'no effect'.

Incontinence is a health problem that is often observed in females. Reportedly, 35% of females aged 18 years or older suffer incontinence[@r13]^)^. Moreover, the prevalence of stress urinary incontinence is higher among them. Pelvic floor muscles including the sphincter are important to prevent incontinence based on the anatomical structure[@r14]^)^. For that reason, the method used for this study is expected to be effective for the prevention and improvement of stress urinary incontinence. Nevertheless, because no clear effect was demonstrated for females, it is necessary to revise the measurement method and perform further verification.

It has also been reported that pelvic floor muscles, in coordination with other muscles that comprise the inner unit, contribute to trunk stability and that exercise for pelvic floor muscles is also useful for the improvement of lower back pain[@r8]^)^. Therefore, it is possible that the breathing exercises used for this study engender the prevention and improvement of lower back pain. Moreover, the simplicity of exercise is an important factor that must be considered for exercise to be performed continuously. Exercises for pelvic floor muscles have been done using various methods before. However, such exercises could not always be performed smoothly by everyone. By contrast, the method used for this study is extremely simple: one need only sit on the small foam roller placed on a chair while performing breathing exercises. The method can therefore be performed by everyone smoothly and safely. It is likely to be useful for middle-aged and elderly people.

In conclusion, various exercises performed while sitting on a small stretch pole promoted the voluntary contraction of pelvic floor muscles. In addition, its efficacy was demonstrated at least in young males.

Finally, results of this study were presented at The 2016 Sports Medicine Australia Conference (J. Sci. Med. Sport, 2017, 20: e44-e45).
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